In this paper, we consider charged rotating and slowly accelerating AdS black holes and study their thermodynamical properties.First, we investigate phase transition and thermal stability in canonical ensemble with fixed cosmological constant. We show how different parameters such as rotation parameter, electric charge, string tension and curvature of background affect thermodynamical properties of the system. Then, we extend phase space by considering cosmological constant as a thermodynamical variable known as pressure and explore the existence of van der Waals like phase transition. We extract critical quantities and study the effects of black hole's parameters on the critical values. Finally, we investigate the heat engine provided by such black holes and analyze the effective roles of black hole's parameters on the efficiency of the corresponding heat engine.
In this paper, we consider charged rotating and slowly accelerating AdS black holes and study their thermodynamical properties.First, we investigate phase transition and thermal stability in canonical ensemble with fixed cosmological constant. We show how different parameters such as rotation parameter, electric charge, string tension and curvature of background affect thermodynamical properties of the system. Then, we extend phase space by considering cosmological constant as a thermodynamical variable known as pressure and explore the existence of van der Waals like phase transition. We extract critical quantities and study the effects of black hole's parameters on the critical values. Finally, we investigate the heat engine provided by such black holes and analyze the effective roles of black hole's parameters on the efficiency of the corresponding heat engine. Black holes provide a practical environment for testing strong gravity, and are incredibly important theoretical tools for exploring General Relativity (GR), and also beyond this theory of gravity such as; massive [1] [2] [3] [4] [5] [6] , scalar-tensor [7] [8] [9] , rainbow [10] [11] [12] [13] [14] [15] [16] , Horava-Lifshitz [17] [18] [19] [20] [21] , massive gravity's rainbow [22] [23] [24] [25] [26] , conformal [27] [28] [29] [30] [31] [32] [33] , and F(R) [34] [35] [36] [37] [38] [39] [40] [41] [42] , theories of gravity.
Schwarzschild (the most general spherically symmetric vacuum solution), Reissner-Nordstrom (spherically symmetric charged solution), Kerr (a rotating uncharged axially-symmetric solution), and Kerr-Newman (charged rotational spacetime solution), are black hole solutions in GR which have been studied. Indeed all of these the mentioned black holes are isolated objects that barely influenced by theirs sometimes extreme environment, theirs only possible response being to grow by accretion. Among of these solutions the Kerr-Newman family is generally solution than other solutions. However these black holes give us our prototypical black holes in four dimensions, which these are parameterized simply by mass (M ), charge (Q) and angular momentum (J). It is notable that there are another black hole solutions with interesting properties. One of interesting exact solution for a black hole is related to the C-metric [43] [44] [45] [46] , which represents an accelerating black hole. This black hole has a conical deficit angle along one polar axis which provides the force driving the acceleration. The conical singularity pulling the black hole can be replaced by a cosmic string [47] , or a magnetic flux tube [48] , and one can imagine that something similar to the C-metric with its distorted horizon could describe a black hole which has been accelerated by an interaction with a local cosmological medium.
Using the standard black hole thermodynamics, it was shown that the Hawking temperature of accelerating black holes is more than Unruh temperature of the accelerated frame. Accelerating black hole in (2+1) dimensions have been studied in Ref. [49] . In Ref. [50] , a cross-comparison of the efficiencies of accelerating black hole's heat engines and Schwarzschild-anti-de Sitter (AdS) black hole's heat engines have been investigated and the results showed that the acceleration increases the efficiency although the amount of increase is not remarkable. Holographic thermodynamics of accelerating black holes in AdS spacetime have been evaluated in Ref. [51] .
The non-rotating and uncharged accelerating AdS black hole is described by the C-metric [43] [44] [45] [46] , which can be written by
where f (r), g(θ)
and Ω are
where A and m are related to the magnitude of acceleration and the mass scale of black hole, respectively. K is the conical deficit of the spacetime. It is notable that, ℓ = − 3 Λ , is related to the AdS radius and Λ is the cosmological constant. Also ϕ has periodicity 2π. The interesting properties of geometry of these accelerating black holes have been studied in Ref. [52] .
Another extension of accelerating AdS black hole is related to add the electrical charge. the metric functions of charged accelerating AdS black hole by considering the C-metric (Metric) are represented in the following forms
g (θ) = 1 + 2mA cos θ + e 2 A 2 cos 2 θ.
The gauge potential is A µ = −e r δ t µ . It is notable that e is related to the electrical charge of accelerating AdS black holes. Thermodynamics, P −V criticality in the extended phase space, phase transition and geometrothermodynamics of accelerating black holes have been studied in Refs. [53] [54] [55] [56] . Zhang et al., had investigated the holographic heat engines of these black holes in Ref. [57] . They had found that the efficiencies of the black hole heat engines can be influenced by both the cosmic string tension and the size of the benchmark circular cycle. Also, they had showed that the existence of charge may significantly increase the efficiencies of black hole heat engines and make them be more sensitive to a varying cosmic string tension.
Hawking, Bekenstein, Carter and Bardeen had established thermodynamics and the laws of black hole mechanics by using their pioneer work by Hawking's radiation with black body spectrum and in analogy between the classical thermodynamics with the black hole mechanics. Also, Hawking and Page have demonstrated that there exist a phase transition in the phase space between Schwarzschild-AdS black hole and thermal radiation which can be interpreted as a confinement/deconfinement phase transition in the dual strongly coupled gauge theory [58] . Later, it was showed that by using the AdS/CFT correspondence, one can study the thermal phase transition and the interpretation of confinement in gauge theories [59] . In order to investigate the phase transition of black holes, one may consider the cosmological constant as a thermodynamical pressure to extend the phase space [60] [61] [62] [63] [64] [65] , and modify the first law of black hole thermodynamics [62, 66] . Another contribution of this consideration is related to the mass of black holes, which, from internal energy, becomes enthalpy [67] . It is notable that, this interpretation indicates that the mass of black holes plays a more important role in the thermodynamical structure of black holes and contains more information regarding the phase structure of black holes [68] .
In canonical ensemble, it was found that there exists a phase transition between small and large black holes, which this phase transition behaves very like the gas/liquid phase transition in a van der Waals system [69, 70] . On the other hand, the phase transitions of small/large black holes in the AdS/CFT correspondence may be interpreted as conductor/superconductor regions of condensed-matter systems [71] [72] [73] . The thermodynamical critical behavior and the phase transitions of small/large black holes in the AdS/CFT correspondence (or van der Waals like phase transition) of black holes in the presence of different matter fields and gravities have been investigated in some literatures In this paper, we want to consider the charged rotating and accelerating AdS black holes in GR. Then we are going to extract thermodynamical quantities of these black holes, and study phase transition and thermal stability of them in the context of canonical ensemble. We also will investigate the effects of different parameters and show how these parameters affect phase transition and stability of the system. Next, we focus on phase transition and thermal stability of solutions through the heat capacity. In next section, we study regarding possible existence of van der Waals like behavior for such black holes. Heat efficiency is another interesting quantity that we will evaluate. The paper will be concluded by some closing remarks.
II. CHARGED ROTATING AND ACCELERATING ADS BLACK HOLE
The charged rotating accelerating black hole solution in AdS space is described by the metric [115] 
where
h(θ) = 1 + 2mA cos θ + A 2 (a 2 + e 2 ) − a 2 ℓ 2 cos 2 θ,
the corresponding gauge potential is expressed as
where a is rotation parameter proportional to angular momentum of black hole. e and m are integration constants which are related to electric charge and total mass of black hole in the following manner [115] 
the factor of α is chosen for rescalling the time coordinate. In order to have the correct thermodynamics, one should consider an appropriate normalized time τ = αt with
The conical deficits on the north pole (θ + = 0) and the south pole (θ − = π) are given by
which corresponds to a cosmic string with tension [57, 115] 
In order to have positive tension defects, we require 0 ≤ µ + ≤ µ − ≤ 1 4 . Here, by setting K = K + = Ξ + 2mA, one can remove the conical singularity on the north pole axis. In this case, there is just an irregularity on the south pole with the string tension µ − = mA K . It should be pointed out that metric 8, will be well defined (correspond physically to a slowly accelerated black hole in the bulk) under satisfaction of three following conditions i) the function h(θ) must be positive in range of [0, π], which implies
ii) due to the requirement of slow acceleration, f (− 1 A cos θ ) has to have no roots. iii) the function f (r) must have at least one root in the range of r ∈ (0, A). As we know, roots of the metric function are inner (Cauchy) and outer (event) horizons of the black holes. So in absence of root, one may encounter with naked singularity. In order to investigate this issue, we obtain the roots of metric function which are as follows
The sign of the expression underneath the square root function determines the number of roots. There are three cases: i) if that is positive, there exist two real roots for the metric function (Cauchy and event horizons). ii) if it is zero, there is only one real root (extreme horizon). iii) if it is negative, the metric function suffer the absence of real root. Fig. 1 , shows regions in which the metric function has one or two real roots. According to third condition, at least one root should be located in range (0, A). So, certain conditions should be imposed on values of different parameters. In order to elaborate this issue, we have plotted Fig. 2 . As we see, for specific ranges of black hole's parameters, one can find a root less than acceleration parameter A.
III. THERMODYNAMICAL STRUCTURE IN NON-EXTENDED PHASE SPACE
In this section, we focus on thermodynamical properties of charged, rotating and accelerating AdS black holes in non-extended phase space. First, we extract thermodynamical quantities. Then, we study phase transition and thermal stability of such black hole solutions in the context of canonical ensemble. We also investigate the effects of different parameters and show how these parameters affect phase transition and stability of the system. The first quantity which we are going to investigate its thermodynamical behavior is temperature. This quantity is calculated by using the usual Euclidean method as
for the following event horizon
the acceleration term will be zero and the temperature is similar to that one in Ref. [116] . It is evident that under a such condition ℓ 2 ≥ 8e 2 , the temperature will have acceptable values. For more clarification, we have plotted Fig. 3 .
Taking a look at Eq. (18), one can see that the temperature is a decreasing (increasing) function of the electric charge, rotation and acceleration parameters (cosmological constant). In order to have a better understanding of the effects of different parameters on this quantity, we have plotted Fig. 4 . To study behavior of the temperature for small and large values of the horizon radius, we investigate its limiting behaviors. The high energy limit of the temperature is given by
which shows that for small black holes, the temperature is always negative and it is highly governed by rotation parameter and electric charge. Whereas, the effects of acceleration parameter and the cosmological constant are negligible in this case. Since the negative temperature is representing a non-physical solution, there is no physical solution in this case. The asymptotic behavior of this quantity is obtained as
which confirms that for large black holes, the acceleration parameter and the cosmological constant are governing factors in the temperature and such black holes have always the positive temperature (or physical solution). The structure of numerator of the temperature shows that there is at least a root for it. Calculations indicate that the temperature has only one root which is as follow:
As we know, temperature's root (bound point) is where the sign of temperature is changed. In fact, this point is a limitation point between physical and non-physical solutions. As one can see, the root is highly dependent on the acceleration parameter and the cosmological constant. So, these two parameters have noticeable effects on physical/non-physical regions.
The other quantity which we are interesting to investigate it is entropy. For these black holes without higher curvature terms, one can identify the entropy with a quarter of the horizon area
this expression gives us the following information: i) the entropy is a function of the horizon radius, string tension, rotation and acceleration parameters. Whereas, the electric charge and the cosmological constant have no effect on the entropy.
ii) for small black holes, the entropy is always positive and it is governed by the string tension and the rotation parameter. iii) for large black holes, the entropy is always negative and it is affected by the string tension and the acceleration parameter.
iv) this quantity diverges at Ar + = 1. To avoid divergency and negatively, one should consider Ar + < 1.
The other interesting thermodynamical quantity is the total mass of black hole. By solving the metric function with respect to geometrical mass on event horizon (f (r = r + ) = 0), one can obtain total mass as follows
Evidently, the total mass is an increasing function of the rotation parameter, electric charge and the cosmological constant. As we see, the mass diverges at Ar + = 1 and it is always a positive valued for Ar + < 1. The high energy limit of the total mass is described by
this relation shows that the total mass of small black holes is positive and it is highly dependent of the rotation parameter, string tension and the electric charge whereas the cosmological constant and the acceleration parameter do not have remarkable contribution on the total mass of these black holes. The asymptotic behavior of the total mass is given by
which shows that contrary to small black holes, for large black holes, the cosmological constant and the acceleration parameter are governing factors in total mass, and according to condition (Aℓ < 1) for accelerating black holes, the total mass of these black holes is always negative.
B. Phase transition and Stability
Now, we focus on phase transition and thermal stability of solutions through the heat capacity. Phase transition points are where the heat capacity diverges. In other words, divergencies of the heat capacity are representing places in which a system goes under phase transition. To study thermal stability/instability of black holes, we need to investigate the behavior of heat capacity. In fact, the signature of heat capacity determines thermal stability of the system. The positivity of heat capacity is representing thermal stability while the opposite is true for instability. The heat capacity is given by
By employing Eqs. (18) , (21) and (23), one can find
.
The high energy limit of heat capacity is given by
as one can see, the cosmological constant is the only parameter which has no effect on the high energy limit of the heat capacity. The effects of rotation parameter, electric charge and string tension are remarkable but the effect of acceleration parameter is insignificant in this case. Also, this relation shows that very small accelerating black holes are in an unstable state all the time. The asymptotic behavior is determined by
which shows that asymptotic behavior of the heat capacity is independent of the electric charge and the cosmological constant while the effect of acceleration parameter becomes noticeable in this case. Also, one can see that large accelerating black holes are always thermally stable. But for medium black holes, all parameters affect stability/unstability regions of the system. In order to elaborate this issue, we have plotted Fig. 5 . Now, we investigate phase transition of the system. As it was mentioned, the divergence points of heat capacity are places in which phase transitions take place. It is evident that the number and places of phase transition points depend on values of black hole's parameters. Fig. 6 , shows the range of these parameters which one can observe phase transition there. As we see, only slowly rotating black holes with weak electric charge which are pulled by a strong string can go under phase transition. To study the effects of black hole's parameters on phase transition points, we have plotted Fig. 7 . This shows that the heat capacity could have up to two divergencies. Since the heat capacity and the temperature have a direct relation together, these two quantities usually share same roots. As it was already pointed out, there is only one root for the temperature which coincides with the heat capacity's root. Regarding to the values of different parameters, one can investigate three different situations; i) one root: as it was mentioned, the bound point (the heat capacity's root) is a boundary between two physical and non-physical solutions. There are two separated phases in this case; small and large black holes. The small (large) black holes which have the negative (positive) temperature are located before (after) the bound point.
ii) one root and one divergency: in this case, one can find three phases of small, medium and large black holes. The small black holes have no physical solution, but medium and large black holes are thermally stable due to positivity of the heat capacity (see Fig. 7 ). The medium and large black holes are placed between root and divergency and after divergency, respectively. This divergency which separates medium and large black holes from each other is the same equilibrium point.
iii) one root and two divergencies: In this case, four distinct phases exist for black holes; very small, small, medium and large black holes. The region before the bound point is related to very small black holes which are non-physical. The small black holes are located between root and smaller divergency and have the positive heat capacity. So, these black holes are thermally stable. In region between two divergencies, the medium black holes exist which due to the negativity heat capacity are in an unstable state. After larger divergency, the heat capacity is positive and large black holes which are located in this region are thermally stable. As it was pointed out, the divergencies of heat capacity are representing phase transition points (see Refs. [16, 117] , for more details about relation between the divergencies of heat capacity and phase transition points). The medium black holes which are thermally unstable may have a phase transition and go to a stable smaller state at smaller divergency or go to a large stable one at larger divergency. Now, we focus on the effects of black hole's parameters on phase transition points. Two left panels of Fig. 7 , shows that for small values of angular momentum and electric charge, there is only one root for the heat capacity. But by decreasing these two parameters, the heat capacity could have two divergencies. Regarding the effects of these two parameters on places of divergency, one can say that as the angular momentum and the electric charge decrease, smaller divergency (larger divergency) shift to smaller (larger) horizon radius. So, the region of instability increases. This shows that the stable phases of small and large black holes decrease by decreasing these two parameters. By taking a closer look at two right panels of Fig. 7 , one can find that the effects of string tension and the cosmological constant are opposite of those of angular momentum and electric charge. In other words, by increasing Λ and µ − , the divergencies are formed while for their small values, only bound point is observed. There is a notable point here. As we already mentioned, only slowly rotating black holes with weak electric charge enjoy existence of phase transition. But, two right panels of Fig. 7 , shows that super rotating black holes with large electric charge can go under phase transition by increasing the cosmological constant and string tension. Since the cosmological constant is representing the natural curvature of the spacetime, such black holes should be located in a background with higher curvature for having a phase transition. As a result, one can say that in a low curvature background, just slowly rotating black holes with weak electric charge have phase transition. But in a high curvature background, both super and slowly rotating black holes undergo phase transition. Such a result is true regarding the force of string. It means that super rotating black holes with large electric charge which are located in a low curvature background go under phase transition if they are pulled by stronger strings. 
IV. CRITICAL BEHAVIOR IN EXTENDED PHASE SPACE
In this section, we would like to conduct a study regarding possible existence of van der Waals like behavior for such solutions. To do so, we first extend our phase space by considering the cosmological constant as a thermodynamical pressure which have been investigated by many peoples in Refs. [60] [61] [62] [63] [64] [65] . It has been led a new trend of phase transition research. Then, we obtain the relation between horizon radius and specific volume of the corresponding The pressure associated to the cosmological constant is given by
its conjugate quantity called thermodynamical volume is expressed as
It should be noted that by considering the cosmological constant as a thermodynamical pressure, the identification of the mass changes from internal energy to enthalpy. Also, the first law of thermodynamic is modified as follow
where Ω is angular velocity Ω = aK α(r 2 + + a 2 )
and λ ± are conjugate quantities of string tensions µ ± given by
For studying van der Waals like behavior of charged rotating accelerating black holes, the computation of the equation of state is necessary. By employing Eqs. (18) and (25) , the equation of state is obtained as
Evidently, the pressure is an increasing (decreasing) function of the temperature, electric charge, angular momentum and the acceleration parameter (string tension). Also, the above relation shows that the pressure has a divergency at
To better understand properties of the pressure, we investigate its limiting behavior as follows
which shows that depend on values of different parameters, large and small black holes could have positive or negative pressure. It is worthwhile to mention that the pressure should be positive valued from classical thermodynamics perspective. By rearranging the equation of state in terms of specific volume, one can calculate critical quantities. It should be noted that for rotating black holes, r + is not a linear function of the specific volume υ. To do so, we first need to obtain thermodynamical volume which is given by 
by doing so, the specific volume proportional to thermodynamical volume is determined in the following form
KAµ − π 2 P 2 r 3 + .
(33) By substituting the specific volume in Eq. 30, one can arrange the equation of state as follows
where X = 1 + 8e 2
As we know, van der Waals fluid goes under a first-order liquid-gas phase transition for temperatures smaller than the critical temperature (T < T c ). Whereas, at critical temperature, its phase transition is a second order one [64, 118] . Fig. 8 , confirms van der Waals like behavior for our black hole solution. Formation of the swallow-tail shape in F − T diagram (continuous line) is representing the existence of a first-order small-large black hole transition for P < P c . The critical point which is coincident with the inflection point of P (υ) diagram is determined by the following relation
By employing Eqs. (34) and (35), one can obtain critical quantities as follows
, P c = 1 864
The critical volume is an increasing function of the angular momentum and electric charge while critical temperature and pressure are decreasing functions of them. Regarding the effects of string tension and the acceleration parameter on critical quantities, one can say that as these two parameters increase the critical temperature and pressure (critical volume) increase (decreases). In order to investigate the effects of these parameters in more details, we have plotted Fig. 9 . As we already mentioned, a black hole undergoes a first order small/large black hole phase transition for pressures and temperatures smaller than the critical pressure and the temperature. By looking at P − υ and T − υ diagrams in Fig. 10 , one can see that for some values of parameters, these diagrams acquire two extrema. Extrema are places in which the black hole goes under phase transition. In this case, there are three distinguished phases for black holes; small, medium and large black holes. Medium black holes are located between two extrema and are thermally unstable. The region before the first extremum and after the second extremum are related to stable small and large black holes respectively. At place of the first extremum, a phase transition takes place from medium unstable black hole to smaller stable one. But at place of the second extremum, the system undergoes a phase transition from a medium unstable state to large stable one. For a certain value of parameters, two extrema coincide with each other. This point is actually the equilibrium point where two stable phases of small and large black holes are in equilibrium. They can go from one to the other during a critical process. By increasing (decreasing) angular momentum and electric charge (the string tension), these extrema disappear and pressure (temperature) is only a decreasing (increasing) function of volume. In this case, just a single stable phase exists for black holes.
P −υ diagrams show that as the angular momentum and the electric charge (the string tension) decrease (increases), the pressure related to phase transition points decreases. Since the pressure is related to curvature of the background, one can say that the necessity of having a background with higher curvature decreases. As for T − υ and F − T diagrams, we see that as the angular momentum and the electric charge (the string tension) decrease (increases), the temperature related to phase transition points increases and the difference between free energy of different phases grows larger. This shows that by decreasing (increasing) the electric charge and the angular momentum (the string tension), phase transition for obtaining stable state becomes more difficult and such black holes need to absorb more energy for having phase transition. Since the mass of black hole interprets as enthalpy or energy, phase transition occurs with absorbing more mass form surrounding.
Here, there is a remarkable point regarding the effects of string tension. The effect of variation of string tension on structure of the temperature shows that as this parameter increases, the volume related to the bound and phase transition points shift to larger volume (see the panel (h) of Fig. 10 ). This reveals the fact that a stable small (large) charged rotating accelerating black hole goes to an un-physical (unstable) phase by increasing µ − . Since the string tension is proportional to the conical deficit, the larger tension, the steeper cone. So, a stable small (large) black hole will be exited its physical (stable) state if it is pulled by a stronger string. Such an interpretation is true regarding the rotation and the electric charge of black holes. It means that if a stable small (large) black hole is located in a more powerful electric field or it spins more quickly, it exits its physical (stable) state.
V. THE CORRESPONDING HOLOGRAPHIC HEAT ENGINE
In this section, we would like to investigate another interesting quantity called heat efficiency. We should point out that we conduct our study in classical framework. Considering the cosmological constant as a thermodynamical variable, lead us to assume black hole as the heat engine. One of the important quantities to study holographic heat engine of black holes is the heat engine capacity. By calculating this quantity under constant pressure and volume, one can obtain the heat efficiency. Since for static black holes, thermodynamical volume is proportional to entropy, the heat capacity at constant volume (C V = T ∂S ∂T | V ) is zero and calculating efficiency is straightforward in this case [119] . But for rotating black holes, such a condition will not be satisfied due to existence of rotation effects. So, one cannot employ usual methods for obtaining efficiency of such black holes. Here, we study heat engine's efficiency by approach which was mentioned in Ref. [120] . The efficiency is given by,
where Q H and Q C are net input and net output heat flow, respectively, and W = ∆Q = Q H − Q C is work done on the thermodynamical cycle. For all AdS black holes, a rectangular cycle is the most natural cycle to consider (see Fig.  11 ). Here, we employ such a cycle and study the holographic heat engine for our black hole solution. For rotating black holes with C V = 0, Q H and Q C are expressed by following expression,
where ∆P = P 1 − P 4 . By employing Eq. 37, and Eq. 38, the efficiency is obtained as follows, where ∆V = V 2 − V 1 , U = M − P V and
The Carnot efficiency which is maximum allowed efficiency by thermodynamical laws is expressed in following form,
Now, we are interesting to investigate how the efficiency changes under variation of black hole's parameters. To do so, we have plotted some diagrams in Figs. 12, and 13 , and indicated the effects of these parameters on engine's efficiency (η) and η ηC (the ratio between efficiency η and Carnot efficiency η C ). Studying the effects of angular momentum and electric charge on η shows that the efficiency is an increasing function of these two parameters. Whereas, η ηC decreases with grow of them. By taking a closer look at Fig. 12 , one can find that the effects of angular momentum on the efficiency are more noticeable in the absence of electric charge. In other words, the effect of rotation parameter on the efficiency decreases in the presence of an electric field. Also, one can observe that rotation parameter affects the efficiency more than the electric charge. This reveals the fact that rotating black holes have a bigger efficiency compared with charged black holes. Regarding the charged rotating black holes, one can point out that for small the rotation parameter and the electric charge, the efficiency of these black holes are bigger than that of the charged and rotating black holes. But for large rotation parameter, the rotating black holes enjoy bigger efficiency. Also, Fig. 12 , shows that for small the rotation parameter and the electric charge, η is an increasing function of υ 2 and its increases gradually become slower and slower as the volume difference (∆V ) becomes bigger. But for large values of these parameters, η first decreases to a minimal value and then monotonically increases to a maximum value with grow of υ 2 . Regarding η ηC , it is evident that this ratio is a decreasing function of υ 2 for all values of J and e. The other important parameter which affect the heat engine's efficiency is the string tension. Fig. 13 , shows that although η, is a decreasing function of this parameter, η ηC , is an increasing function of it. For large values of the string tension, η monotonically increases with grow of υ 2 and reaches to a constant value when υ 2 goes to infinity. But for very small values, it decreases to a minimal value. So, a black hole with powerful string tension obtains a maximum efficiency with grow of υ 2 . While, if it is pulled by a weak string can find a maximum efficiency only for small volume difference ∆V . Here, there is an interesting point regarding the string tension. The effects of this parameter for rotating black holes are more remarkable than that of charged black holes. In other words, the effect of this parameter will become noticeable in the presence of rotation parameter.
Right panel of Fig. 13 , shows how η and η ηC , change under pressure. As we see, the efficiency increases with the grow of pressure difference (∆P ). For P 4 , near to P 1 , η changes very slowly with increase of ∆V , but for bigger ∆P , the growth of efficiency will be larger. The effect of pressure on ratio η ηC , is a little different. For small ∆P , η ηC monotonically decreases with grow of υ 2 and reaches to a constant value with increasing υ 2 . For large ∆P , this ratio gradually becomes larger with grow of υ 2 . So, the thermodynamical cycle can work with the most efficiency for large ∆P . This shows that, the efficiency approach Carnot efficiency for small volume difference and large pressure difference. But it should be noted that for very large pressure difference, the efficiency will become bigger than the Carnot efficiency which this would violate the second law of thermodynamics. Therefor, one should consider a limitation for pressure in order to have a physical efficiency. 
VI. CONCLUSION
In this paper, we conducted a study regarding thermodynamical behavior of charged, rotating and slowly accelerating AdS black holes from two perspectives. First, we investigated thermodynamical properties including phase transition and thermal stability in non-extended phase space. The obtained results showed that slowly rotating black holes with weak electric charge undergo phase transition all the time. But super rotating black holes with powerful electric charge should be located in a higher curvature background or they are pulled by stronger string in order to have phase transition. Studying the effects of black hole's parameters on the stability conditions revealed the fact that as the angular momentum and the electric charge (the string tension and the cosmological constant) decrease (increase) the regions of stability decrease.
Then, we extended our phase space by considering the cosmological constant as a thermodynamical pressure and studied van der Waals like behavior for such solutions. By calculating critical quantities, we found that the critical volume is an increasing (decreasing) function of the angular momentum and the electric charge (the string tension and the acceleration parameter). Whereas, the opposite behavior was observed for the critical temperature and the pressure. Our studies conducted in the context of first order phase transition showed that as the angular momentum and the electric charge (the string tension) decrease (increases), the pressure related to phase transition points decreases. Consequently, the necessity of having a background with higher curvature decreases. Regarding the effect of these parameters on the temperature, we noticed that by decreasing (increasing) the angular momentum and the electric charge (the string tension), the temperature related to phase transition points increases. This revealed the fact that phase transition for obtaining stable state will become more difficult for such black holes. A significant point regarding the effect of string tension was that when a stable small (large) charged rotating black hole is pulled by a stronger string, it will be exited its physical (stable) state.
Finally, we defined a thermodynamical cycle for this black hole solution and obtained its efficiency. Studying the effects of black hole's parameters on the engine's efficiency led to the following interesting results; i) the efficiency approach Carnot efficiency for small volume difference. ii) the efficiency is an increasing (decreasing) function of the angular momentum and the electric charge (the string tension). While the vice versa is true for η ηC . iii) rotating black holes have bigger efficiency compared charged black hole. iv) rotation effects on the efficiency decrease in the presence of an electric field. v) the effect of string tension for rotating black holes are more noticeable than that of charged black holes. vi) the efficiency reaches to a maximum value with grow of ∆P . But for large enough ∆P , the thermodynamic laws would violate.
